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The bacterial recombinase RecA mediates homologous recombination and
recombinational DNA repair through homology search and strand exchange.
During homologous recombination, RecA binds an incoming single-stranded
DNA (ssDNA) in its primary binding site, site I, to form a nucleoprotein fila-
ment whose crystal structure is known. The structure of the final post-stand
exchange structure with double stranded DNA (dsDNA) bound in site I is
also known; however, despite enormous effort, the details of homology
testing have remained uncertain, partly because of the dearth of information
about the structure of DNA during homology testing. Recent work has sug-
gested that homology testing begins with the dsDNA binding to the second-
ary RecA binding site, site II. With detailed examination of the crystal
structure, we found that an intermediate structure must exist such that ho-
mology recognition does not simply proceed from the searching state to
the final post-strand exchange state, suggesting that homology recognition
is governed by transitions to and from the intermediate structure that differs
significantly from its final position. In this work, we present evidence that ~
9-15 dsDNA base pairs can bind to site II in a metastable conformation
where single complementary strand bases can flip and stably pair with cor-
responding sequence matched incoming strand bases. That stable pairing
deepens the dsDNA binding, allowing time for base flipping and strand ex-
change which in turn allows more dsDNA bases to bind to site II. In the
absence of pairing between the complementary and incoming strands, a se-
ries of transitions drives dsDNA unbinding, with little opportunity for addi-
tional base flipping. Such a system offers very extremely rapid rejection of
almost all mismatched pairings, which allows bacterial genomes to be
searched on biologically relevant timescales.
3499-Pos Board B227
Investigation of the Drug Like Molecule Binding to DNA Single Strand
Breaks using Improved Hydroxyl Radical Cleavage Methodology
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Cancer cells can have greater replication rate as well as defective DNA repair.
The defective repair can lead to the accumulation of damaged DNA. One alter-
native approach to treat cancer cells is to hide the damaged cells from the repair
machinery leading to fatal errors. The aim of this research is to discover drug-
like molecules that could mask the DNA damaged sites. Various drug-like
molecules have been tested for this purpose. The duplex DNA shown below
is being used:
3’-CCGTGGTCCAGCCGCTCGGAGTGAGACTGTTTTTTTTTTT 5’ (A)
5’-GGCACCAGGTCGGCGAGCCTCACTCTGAC-3’ (B) An improved hy-
droxyl radical cleavage protocol is used that includes the use of a dT tail
attached with the 5’ end, which allows the co-precipitating the cleavage prod-
ucts with poly(A). The last 5’ end T of dT tail is covalently attached to the fluo-
rescent label Oregon Green 514. The dye avoids the limitations due to the
lifetime of a 32P label. Preliminary results will be presented.
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Global and Local Conformation of Mismatched Duplex DNAUponMSH2-
MSH6 Binding Studied by Steady-State and Time-Resolved Fluorescence
Yan Li, Manju Hingorani, Ishita Mukerji.
MB&B, Wesleyan University, Middletown, CT, USA.
The DNA mismatch repair (MMR) system guards the integrity of genetic
material by scanning and correcting errors in a post-replicative manner. In
eukaryotic cells, the initiation of MMR is achieved by recognition of biosyn-
thetic errors by Msh proteins (MutS homologs). The recognition of single
base mismatches and small insertion/deletion loops (IDL) by the Msh2-
Msh6 heterodimer is an important initial event in the MMR pathway. Several
studies have suggested that the prokaryotic MutS homodimer and its eukary-
otic counterpart Msh2-Msh6 bind duplex DNA containing a mismatch or
IDL with a higher affinity than homoduplex DNA. However, the exact mech-
anism by which Msh2-Msh6 distinguishes different types of mismatched
base pairs from a large excess of canonical Watson-Crick base pairs is still
unknown. In this study, we are utilizing DNA duplexes containing 6-meth-
ylisoxanthopterin (6-MI) a fluorescent nucleoside analog to measure the
binding affinity of S. cerevisiae Msh2-Msh6 to different single base pair mis-
matches. For greater sensitivity this analog is incorporated into a pentamersequence ATFAA (F = 6-MI), which exhibits enhanced fluorescence. Fluo-
rescence anisotropy measurements performed with these intrinsically labeled
duplexes reveal the following order for Msh2-Msh6 binding affinity to DNA
mismatches: G:T > þT z G:A > G:C. This order is consistent with previ-
ously reported affinities measured in the gel. We have further investigated
DNA dynamics upon Msh2-Msh6 binding using time-resolved fluorescence
spectroscopy. Specific placement of the probe at the mismatch site or adja-
cent to it reveals significant local motion prior to protein binding. We
observe that those mismatches with the highest affinity exhibit the greatest
amount of motion. Protein binding stabilizes mismatch local motion, which
is potentially consistent with Phe intercalation at the site, as observed in
Msh2-Msh6-DNA co-crystal structures.
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Ubiquitination of proliferating cell nuclear antigen (PCNA) in response to
DNA damage leads to the recruitment of specialized translesion polymerases
to the damage locus. This constitutes the initial step in translesion synthesis
(TLS) - a critical pathway for cell survival and genome stability. By contrast,
PCNA sumoylation leads to suppression of homologous recombination through
recruitment of the antirecombinogenic helicase SRS2. How do these similar
posttranslational modifications effect such vastly different functional out-
comes? We modeled PCNA covalently
modified by Ub and SUMO using a multi-
scale protocol (conjugated docking with
the Rosetta package, molecular dynamics
and minimal ensemble searches). Our
models rationalized the differences in solu-
tion scattering data (SAXS) from the
PCNA-K164Ub, PCNA-K107Ub and
PCNA-K164SUMO complexes. Our re-
sults suggest a structural basis for the
different functional outcomes of Ub vs.
SUMO modification of PCNA.3502-Pos Board B230
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The Cre recombination system has become an important tool for genetic
manipulation of higher organisms and a model for site-specific DNA-recombi-
nation mechanisms employed by the l-Int superfamily of recombinases. We
report a novel quantitative approach for characterizing the probability of
DNA-loop formation in solution by using time-dependent ensemble FRET
measurements of Cre-recombination kinetics. Because the mechanism of Cre
recombinase does not conform to a simple kinetic scheme, we employ numer-
ical methods to extract rate constants for fundamental steps that pertain to Cre-
mediated loop closure. Cre recombination does not require accessory proteins,
DNA supercoiling, or particular metal-ion cofactors and is thus a highly flex-
ible system for quantitatively analyzing DNA-loop formation in vitro and in
vivo.
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Post-replication repair of mismatch-containing DNA is a conserved process for
ensuring DNA fidelity in prokaryotic and eukaryotic organisms. In this process,
the MutS enzyme is responsible for initially recognizing defective DNA before
signaling for subsequent DNA repair to occur. Structures of MutS in complex
with mismatch DNA show highly bent DNA suggesting that DNA bending plays
a role in the recognition process. Here, we present results from molecular dy-
namics simulations that indicate that mismatch-containing DNA can be bent
more easily than DNA with canonical DNA and support that DNA bending
is a key step in recognizing defective DNA. Results from additional simulations
of the eukaryotic homologs MSH2-MSH6 and MSH2-MSH3 that specialize on
recognizingmismatch-DNA vs. insetion/deletion-containingDNA, respectively,
692a Wednesday, February 19, 2014furthermore suggest that MutS and its homologs are exquisitely tuned to bend
DNA just enough to discriminate mismatches from canonical DNA. Moreover,
the recognition of insertion/deletion-containing DNA also appears to require
bending but at an even greater extent than mismatch-containing DNA. The simu-
lation results are further discussed in the context of the overall mechanism of
post-replication DNA repair.
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The recombination activating genes (RAG)1 and RAG2 perform V(D)J
recombination by rearranging conserved recombination signal sequences
(RSSs) to generate antigen-receptors during lymphopoiesis. However the
orchestration of V(D)J recombination on biologically relevant (long) length
scales has resisted experimental investigation. Here we develop single-
molecule assays to watch in real time as RAG1/2 and its co-factor
HMGB1 carry out V(D)J recombination from start (RSS binding) to finish
(hairpin formation) on long DNA molecules. We capture various intermedi-
ate states preceding hairpin formation, show how RAG1/2 and HMGB1 form
bends on the DNA, demonstrate how the identity of the recombination signal
sequence modulates bending with single bp resolution and show HMGB1
must compact DNA flanking RSSs to form hairpins. Our results provide
single-molecule mechanistic insight into the orchestration of V(D)J
recombination.
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Human cells contain DNA alkyltransferases that protect genomic integrity un-
der normal conditions but also defend tumor cells against chemotherapeutic al-
kylating agents. Here we explore how structural features of the DNA substrate
affect the binding and repair activities of the human O6-alkylguanine-DNA al-
kyltransferase (AGT).
To perform its repair functions, AGT partitions between adduct-containing
sites and adduct-free genomic DNA. Cooperative binding results in an all-
or-nothing association pattern on short templates. The apparent binding
site size S(app) oscillates with template length. Oscillations in cooperativity
factor u have the same frequency but are of opposite phase to S(app) so the
most stable complexes occur at the highest packing densities. At high bind-
ing densities the site size (~4 bp/protein) is smaller than the contour length
(~8 bp) occupied in crystalline complexes. A protein-overlap model has been
proposed; this predicts that optimal protein-protein contacts will occur when
the DNA is torsionally relaxed. Binding competition and topoisomerase as-
says support this prediction and predict that AGT will partition in favor of
torsionally-relaxed, relatively protein-free DNA structures like those near
replication forks.
AGT must also function at telomeres, where G-rich sequences have the poten-
tial to form quadruplex structures and where methylation at the O6 position of
guanines interferes with quadruplex formation. AGT binding to quadruplex
DNA is characterized by reduced binding stoichiometries, affinities and O6-
methyl G repair activities when compared to linear DNAs. Thus, AGT may
function best at telomeres when quadruplex formation is inhibited by helicases
or other telomere-binding proteins. This work was supported by NIH grant
GM070662 to MGF.
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The activation-induced deoxycytidine deaminase (AID) is a member the Apo-
bec family of enzymes that catalyzes dC to dU deamination on ssDNA tri-
nucleotide motifs. In B cells, it is required to generate antibody diversity byinitiating somatic hypermutation (SHM) in the variable region of immunoglob-
ulin genes and class-switch recombination (CSR) in immunoglobulin switch re-
gions. In turn, SHM and CSR are required to generate high-affinity antibodies
that bind and neutralize invading antigens. Thus, AID plays an indispensable
role in causing mutational diversity to enhance fitness and optimize the immune
response.
Here, we have used single-molecule fluorescence resonance energy transfer
(smFRET) to visualize co-transcriptional scanning of AID. Our data show
that AID can follow an active RNA polymerase directionally and processively
with speeds upwards of 200 nt/s. However, transcription-stalling leads to bidi-
rectional scanning in the transcription bubble, which in turn, provides AID the
necessary time window to carry out deaminations. In bear ssDNA, AID scan-
ning is slow (~1 s-1), random and bi-directional. The enzyme remains bound
to the ssDNA for ~250 s on average. During this time, it can scan large
(>70 nt) ssDNA regions, and it exhibits ’quasi-localization’ near favorable
deamination motifs. AID also creases the ssDNA during scanning in a sequence
dependant manner.
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In E. coli the error rate of replication (10-6) is lowered another thousand-fold
by the MutS, MutL and MutH system of proteins responsible for directing
repair of base insertions, deletions, and mismatches. We provide here a study
using magnetic trapping of single DNA molecules to analyze the interactions
between these proteins and DNA containing a single indel mutation. MutS,
albeit at relatively high concentrations, can be observed to stabilize small
thermal loops of DNA on an indel-containing substrate, and this in an ATP-
dependent manner; addition of MutL reduces the concentration of MutS
required for looping to be observed. Loop size distributes roughly according
to a J-factor distribution, and decreases as force increases, consistent with ther-
mal loop stabilization by MutSL complexes. The reaction is allowed to proceed
to the stage of DNA incision by the addition of MutH. With the further addition
of T4 DNA ligase the steady-state rate of incision can be studied as a function
of different parameters including DNA supercoiling, extending force, length of
substrate DNA, or relative positioning between indel and incision sites. We
compare these results to biophysical models for the protein-DNA interactions
involved as well as stochastic simulations of the incision reaction occurring
on linear DNA with a centrally-located indel and two symmetric proximal inci-
sion sites. Experimental results indicate that DNA incision can occur even in
the absence of looping, and comparison to simulations supports the view that
communication from DNAmismatch to DNA incision site takes place via ther-
mal diffusion.
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Rad51 is a key protein involved in the strand exchange reaction, a reaction
where genetic material is transferred between two homologous DNA
strands. Strand exchange is initiated by Rad51 forming a helical filament
around single-stranded DNA (ssDNA), and the strand exchange is thereafter
executed with a homologous double-stranded DNA (dsDNA). The structure
of Rad51-DNA filaments, and also the activity of the strand exchange reac-
tion, is dependent on the presence of ATP and dications, where Ca2þ has
been shown to promote a higher degree of strand exchange than Mg2þ.
In the present study we have investigated the dynamic behavior of single
Rad51-DNA filaments formed with Rad51, dsDNA/ssDNA and Ca2þ/Mg2þ us-
ing nanofluidic channels and fluorescence microscopy. Nanofluidic channels
allow us to probe the filaments at a different force regime than that traditionally
obtained in for example optical tweezers experiments. We note that the formed
Rad51-DNA filaments have both rigid and flexible sections. We speculate that
the rigid regions stem from when two adjacent filament patches meet on a DNA
